Infectious mononucleosis, considered here to be the same as 'glandular fever', has been regarded as a very rare cause of death. However, the number of reports said to describe fatalities from this disease has increased considerably in recent years. In 1953, Leibowitz found 38 case reports in the literature. Later, Albuquerque (1966) was able to find 50. By the end of 1969 the disease had been reported as proving fatal in at least 87 instances. In England and Wales from two to 11 deaths had been notified annually to the Registrar General (Statistical Review, 1968 ) during the years 1957 to 1967, and Thomsen and Vimtrup (1939) stated that they had observed even during the years 1927 to 1939 a mortality rate of about 1 %.
A major problem in assessing previous reports is the frequent uncertainty of the diagnosis. Many diagnoses have been based on inadequate haematological or serological data. Some have been made only after histological examination of tissues (especially spleen, liver, and lymph nodes). But although the histological changes in infectious mononucleosis may be impressive they are not specific for this disease (Carter and Penman, 1969) . Because of these difficulties in interpretation, both the actual number of reported fatalities from this disease and the relative incidence of the various complications as causes of death are uncertain.
In this review, previous reports are examined critically in order to gain some idea as to how often death really has been reported in proven infectious mononucleosis, and to decide which complications may, on occasion, be fatal. The reported causes of death may be grouped thus:
(1) splenic rupture; (2) neurological complications (excluding cerebral haemorrhage); (3) respiratory obstruction; (4) secondary infection; (5) liver failure; (6) miscellaneous. Each group will be
Received for publication 30 April 1970. considered in turn, the cases accepted as proven mononucleosis being clearly distinguished from those in which the diagnosis appears less certain.
To be accepted as proven infectious mononucleosis a case must have been investigated haematologically and serologically. As authors report their results in different ways the formulation of simple criteria for acceptance of cases is difficult. The haematological and serological criteria adopted in the present review are shown in Tables I and II: a Brien' (1947) and those of Kass and Robbins (1950) and Springate and Adelson (1966) In their first case2 the lymphocyte count was normal, and atypical forms were not mentioned. Their second fatal case was initially diagnosed as 'acute gastritis'; no antemortem tests were carried out. In their fourth fatal case, acute leukaemia appears to have been a more likely diagnosis than infectious mononucleosis. The immediate cause of death in their first and third fatal cases was said to have been postsplenectomy pulmonary thromboembolism, though Custer and Smith (1948) later ascribed the first death to a transfusion reaction. In none of these three cases was a heterophile agglutination test carried out. The authors based their diagnoses of infectious mononucleosis mainly, and in some cases entirely, on histological findings. The errors inherent in such a policy have already been mentioned, and Custer and Smith (1948) themselves listed several conditions in which cellular infiltrations of the walls of splenic vessels may resemble the infiltrations seen in infectious mononucleosis.
The cases of Spink (1954) and of Davis and Hannah (1956) were clinically atypical, and in neither was even a lymphocytosis demonstrated; in Spink's (1954) case there was no necropsy, and Davis and Hannah (1956) Hafstrom (1963) , single fatalities were also recorded by Thomsen (1942) and by Knick and Hoffmann (1953 
Secondary Infection
Extreme granulocytopenia is very rarely recorded in infectious mononucleosis, and serious infection resulting from this complication is even rarer (Penman, 1968 Thomsen and Vimtrup (1939) both showed a leucocytosis exceeding 12,000/c mm, more than half the cells being mononuclear forms, amongst them many monocytoid large lymphocytes. In neither case, however, were heterophile tests carried out; indeed both were investigated before the introduction of such tests. Gooding (1931) referred to a death from bilateral basal bronchopneumonia, and Dalrymple (1968) The diagnosis of infectious mononucleosis seems unlikely, on the evidence available, in the case described by Korsakoff (1905) and cited by Leibowitz (1953) ; nephritis and empyema were complicated by a fatal septicaemia.
Liver Failure
Only two cases of fatal liver failure in proven infectious mononucleosis appear to have been reported. These are the case of Allen and Bass (1963) and the first case of Harries and Ferguson (1968) . In the first there was a total leucocyte count of 11,000/c mm, with a mononuclear preponderance and 'numerous' atypical forms; the heterophile titre, after guinea-pig kidney absorption, rose to 128. In the second, the highest leucocyte count was 26,000/c mm, with 23,400/ c mm 'atypical monocytes'; the heterophile titre was 112, with a typical infectious mononucleosis absorption pattern. Ainley's (1949) patient may well have had infectious mononucleosis, but as atypical leucocytes are not mentioned in the case report the diagnosis must be regarded as unproved. Marshall and Millingen (1952) reported a death from combined renal and hepatic failure; the heterophile titre was 256 (apparently after guinea-pig kidney absorption), but the highest recorded mononuclear cell count was only 3,510/c mm and the highest count of atypical forms only 720/c mm. Natvig (1962) referred to a thesis by Bennike (1960) in which it appears that four fatalities from hepatitis are described, but the original work is not available. Finch (1969) stated that the fatal case of hepatic necrosis described by Koizumi, Kihara, and Kitamoto (1967) was not well documented, so that in this case, too, the diagnosis of infectious mononucleosis can only be regarded as possible. The same applies to the case of fatal hepatitis in a young child referred to in passing by Bolin, Chase, Alsever, and Mann (1965) ; 'all haematological criteria' for the diagnosis of infectious mononucleosis were said to have been met, but no details were given and heterophile tests were not mentioned.
The diagnosis of infectious mononucleosis seems unlikely in the second cases of Swedberg (1959) and of Harries and Ferguson (1968) . Swedberg's patient showed a curious combination of anaemia, gastrointestinal bleeding, subcapsular hepatic necrosis, and possible haemolysis; repeated leucocyte counts failed to show lymphocytes in greater numbers than about 1,000/ c mm, and the highest heterophile titre was only 32. Harries and Ferguson's (1968) patient was originally thought to have leukaemia; the authors' only reason for changing the diagnosis in retrospect appears to have been that the patient's sister later developed infectious mononucleosis. Furthermore, no evidence at all is offered to support the diagnosis of 'liver failure' and the serum bilirubin was only 0-4 mg/100 ml.
Apart from causing early fatal liver failure, infectious mononucleosis is sometimes alleged to cause more long-lasting liver damage which may ultimately prove fatal. This possibility is very difficult to refute, but so far there is no convincing evidence of its actually having occurred (see Carter and Penman, 1969 second case, the highest total leucocyte count was 26,500/c mm, including 7,155 lymphocytes and 12,455 'large lymphoid and plasma cells'. The heterophile titre was 512. Goldstein and Porter (1969) reported thrombocytopenia and fatal cerebral haemorrhage in a probable case of infectious mononucleosis. The total leucocyte count rose to 9,300/c mm with 85% lymphocytes, 'many' of them atypical, but the heterophile titre nearly three weeks after the onset of symptoms was only 14, and detailed results of the absorption technique were not specified. Infectious mononucleosis may also have been the underlying cause of death in the fatal case of 'toxaemia' described by Leunda, Panizza, Blanco. and Raggio (1943) and quoted by Bethell, Sturgis, Mallery, and Rundles (1944) and by Sharp (1950) . The highest recorded total leucocyte count in this case was 19,200/c mm, with 24% lymphocytes and 21 % monocytes, but no more details about these cells are available. The heterophile titre was 128. Shinton and Hawkins (1956) reported a death from toxaemia, and Fish and Barton (1958) one from pulmonary embolism secondary to myocarditis and intracardiac thrombosis. Although both these cases were serologically positive for infectious mononucleosis, in neither were any of the present haematological criteria satisfied. The diagnosis of infectious mononucleosis can therefore only be regarded as a possibility. The same applies to three further cases in which no antemortem diagnostic data at all can be traced. Thus Custer and Smith (1948) reported a death from nasopharyngeal haemorrhage without providing any such information. Ondrus (1958 , cited by Kouba et al, 1961 reported another fatality but the original paper is not available. Lou (1959) described briefly the necropsy findings in an epidemic case of 'glandular fever', but gave neither details of antemortem tests nor of what was considered to be the ultimate cause of death.
There seems to be little reason to suppose that the single cases of Roux and Lannois (1890) , Desplats (1894) , and Bellotti (1896, case 2), and the three cases of Haken (1927) , were really instances of infectious mononucleosis (see Sharp, 1950, and Leibowitz, 1953 necessarily to be regarded as unproven, since the heterophile test was not described until that year. In about a third of the 67 cases that have had to be regarded as unproven (including those described in inaccessible original reports), the evidence available seems, in retrospect, to be against, rather than in favour of, the diagnosis of infectious mononucleosis.
Amongst the 20 proven cases of infectious mononucleosis neurological complications were fatal in nine, secondary infection and splenic rupture in three each, hepatic failure in two, and possibly myocarditis in one. In the other two cases, death resulted from causes apparently unrelated to infectious mononucleosis. Consideration of all the reports that have been traced, regardless of diagnostic criteria and including the reports not seen in the original, also indicates a preponderance of neurological deaths, followed by deaths from splenic rupture and secondary infection.
The actual proportion of clinical cases of infectious mononucleosis proving fatal from all causes is very difficult to assess. If the approximate annual incidence of the disease as seen by doctors is taken as 38 per 100,000 general population (Penman, 1966) , and six as the average number of deaths annually from infectious mononucleosis in the 48,000,000 population of England and Wales (Registrar General, 1968) , then the fatality rate works out at one per 3,000 cases approximately. Most fatal cases of infectious mononucleosis in England and Wales are probably registered as such, but, as shown in this review, the diagnosis is also made in some fatal cases in which infectious mononucleosis seems really not to have occurred. Furthermore, many patients with mild attacks may not present to their doctors (Penman, 1966) . Thus the real mortality rate in infectious mononucleosis is probably less than 1 per 3,COO cases.
The scarcity of satisfactory reports of splenic rupture as a cause of death is surprising. Rupture of the spleen is widely thought to be the principal serious hazard in infectious mononucleosis. Possibly this belief has deterred those who have observed it as a cause of death from reporting their cases.
Infectious mononucleosis is at present very much in the limelight. Its 
